Swelling of the apical ridge and anterior acrosome of motile bovine spermatozoa was observed during in-vitro storage using differential interference\x=req-\ contrast optics. This morphological alteration is different from that described as the false acrosome reaction on immotile spermatozoa, apparent in ageing semen samples and which has been associated with cell death. In this study, transmission electron microscopy revealed that the apical ridge acrosomal matrix was extended into complex folds and/or projections. Acrosomal and plasma membrane integrity was retained. Storing spermatozoa (1500 \m=x\ 106/ml) in seminal plasma at 4\s=deg\Cfor 1 day was most conducive to the swelling of the apical ridge. Replacing seminal plasma with egg yol k\p=n-\ citrate inhibited swelling. However, incubating semen at 37\s=deg\Cin egg yol k\p=n-\Tri s\p=n-\ fructose extender (25 \m=x\106 spermatozoa/ml) after storage in egg yolk\p=n-\citrate at 4\s=deg\Cfor \ m=ge\ 3 days restored the swelling characteristic.
Introduction
The false acrosome reaction (Bedford, 1970) constitutes acrosomal changes occurring in association with sperm death and/or irreversible injury. Using electron, bright field and differential interference-contrast microscopy, these changes have been characterized for bovine spermatozoa (Saacke & Marshall, 1968 ).
The false acrosome reaction can be quantified using differential interference-contrast microscopy on unfixed wet smears (Robbins, Saacke & Chandler, 1976; Aalseth, Senger & Becker, 1978; Almquist & Landa, 1980 ) and on fixed wet smears (Johnson, Berndtson & Pickett, 1976; Mitchell, Hanson & Fleming, 1978) , thus providing an objective means for evaluating semen viability. For bovine semen, this technique is made easier by the very distinct apical ridge (enlargement of the acrosome along the anterior margin of the sperm head) which is apparent on viable spermatozoa examined by differential interference contrast microscopy. The abrupt disappearance of this structure at the onset of the false reaction, as it occurs on immotile bovine spermatozoa (Saacke & Marshall, 1968 ), provides a sharp irreversible end-point for sperm viability.
The use of acrosomal morphology to quantify semen viability of bulls is supported by its relatively good relationship with fertility of preserved (-196°C) semen (Saacke & White, 1972; Saacke et al., 1980) . Consequently, it has been frequently used by the artificial insemination industry as a quality control characteristic. However, situations have occurred when loss of the apical ridge was not abrupt, making quantitative assessment difficult. Pace, Sullivan, Elliott, status of such spermatozoa was not known, they were classified as injured. A similar intermediate condition of the acrosome was encountered in our laboratory on a high proportion of motile spermatozoa. The objectives of this study were (1) to characterize morphologically the acrosomal change (swelling), and (2) to identify the major environmental requirements for bovine spermatozoa to exhibit this property.
Materials and Methods
Swelling of the apical ridge (SAR) on motile spermatozoa was first observed in our laboratory after neat semen had been slowly cooled to 4°C, stored for 1 day, and then extended and incubated at 37°C in an isotonic Tris (hydroxy-methylaminomethane)-fructose medium. This experiment was conducted to determine the relative importance of the following environmental conditions on SAR: (1) the presence of seminal plasma during 4°C storage, (2) the length of storage at 4°C, (3) the influence of 37°C incubation in a Tris-fructose based medium, and (4) duration of 37°C incubation. Semen storage and incubation media. Semen was stored (4°C) in seminal plasma or the conventional egg yolk-citrate extender composed of 20% (v/v) egg yolk (Gallus domesticus) and 80% 98-6 mM-sodium citrate. After storage, semen incubation at 37°C was in egg yolk-citrate or egg yolk-Tris-fructose composed of 20% (v/v) egg yolk and 80% (v/v) of a buffer containing 235 m\t-Tris base (Sigma), 54 mM-fructose and 72 mM-citric acid. Each medium also contained 1000 i.u. penicillin and 1000 µg dihydrostreptomycin sulphate/ml. Both egg yolk extenders were adjusted to pH 6-8 with citric acid and centrifuged at 15 000 g for 5 min to remove particulate matter. For all media, osmolarities based on freezing point depression were within a 272-278 mosmol range.
Experimental protocol. Three ejaculates, each from a different bull, were collected by artificial vagina, pooled and allowed to reach room temperature. An aliquant of the pooled semen was centrifuged at 3900 g for 5 min and seminal plasma was recovered. Sperm concentration of the remaining semen was determined turbidimetrically and adjusted to 1500 106 spermatozoa/ml by addition of seminal plasma. One half of this adjusted semen was washed 3 times with egg yolkcitrate (1:4 v/v) to replace seminal plasma. Each washing included centrifugation at 1000g for 5 min, aspiration of supernatant and resuspension in egg yolk-citrate, and restoration of the final suspension to 1500 106 spermatozoa/ml. Then spermatozoa in seminal plasma or egg yolkcitrate at 1500 106 spermatozoa/ml were uniformly cooled to 4°C in 5-5 h. After 1, 3 and 5 days of storage, aliquants of samples in each treatment were extended to 25 106 spermatozoa/ml in egg yolk-citrate or yolk-Tris-fructose and incubated at 37°C. After 5 min, 2 h and 4 h of incubation, the spermatozoa were subjectively evaluated for percentage motile and proportion of motile spermatozoa exhibiting SAR (0-3 scale). Spermatozoa were considered motile regardless of the form; however, progressive motility was the predominant form amonst the treatments studied. A phase-contrast microscope ( 100) equipped with a heated stage was used for motility evaluation. A differential interference-contrast microscope ( 1250) was used to detect acrosomal change. A scale value assigned for the estimated proportion of motile spermatozoa exhibiting SAR was: 0 = <5%; 1 = 5-25%; 2 = 26-50%; or 3 = >50%. In our judgement, this scale represented the best subjective measure possible for characterizing treatments by morphology of the apical ridge on motile spermatozoa. The experiment was replicated 3 times. Before analysis of variance (Goodnight, 1979) data were transformed for statistical analysis with the following formulas: 2 the square root of the arcsin for percentage motility and the square root of (SAR + 0-5) for SAR.
Morphological characterization. Spermatozoa for morphological evaluation using transmission electron microscopy were obtained from a treatment that yielded the highest level of SAR (graded 3), i.e. semen stored (4°C) for 1 day in seminal plasma followed by extension in the egg yolk-Tris-PLATE Differential interference-contrast micrographs of heads of bull spermatozoa, 2000. Fig. 1 . Acrosomal morphology of a normal (control) spermatozoon. Note that distinct smooth crescent shape of the apical ridge (arrowhead) and the smooth acrosomal surface. via free access fructose medium and incubation for 2 h at 37°C. For comparison, spermatozoa without SAR were obtained from a treatment yielding the lowest level of SAR (graded 0), i.e. semen stored at 4°C for 1 day in egg yolk-citrate followed by extension in egg yolk-citrate and incubation for 2 h at 37°C. For electron microscopy, spermatozoa were reconcentrated from each of these treatments by centrifugation at 1000 g for 5 min forming a flocculant pellet which was resuspended in Karnovsky's fixative (Karnovsky, 1965) for 30 min. After centrifugation at 1700 g, the pelleted spermatozoa were rinsed in 01 M-sodium phosphate buffer, osmicated and treated with tannic acid (Simionescu & Simionescu, 1976) . Spermatozoa were dehydrated, embedded in Epon 812-araldite, thinly sectioned and stained with uranyl acetate and lead citrate (Venable & Coggeshall, 1965) . Differential interference-contrast photomicrographs were taken of spermatozoa from comparable treatments after motility was arrested by adding, to 1 ml semen, 10 µ 5% (w/v) paraformaldehyde in phosphate-buffered saline (01 M-sodium phosphate, 137 mM-NaCl, pH 6-9).
Results
Samples prepared for morphological evaluation were examined for SAR. A maximum SAR response (3 rating) was observed in samples expected to have SAR and no SAR was observed in control samples. Under differential interference-contrast microscopy, the head of a normal live spermatozoon (control) has a smooth acrosomal surface and a distinct crescent-shaped apical ridge (PI. 1, Fig. 1 ; Saacke & Marshall, 1968 Fig. 6 ) indicated that those with swelling (PI. 2, Figs 7 & 8) possessed an anterior acrosomal matrix that was expanded posteriorly into folds and projections. Alteration of the acrosomal matrix varied from moderate (PI. 2, Fig. 7 ) to complex (PI. 2, Fig. 8 ) and involved the lateral edges of the acrosome (PI. 2, Fig. 9 ). The integrity of the plasma membrane and outer acrosomal membrane appeared to be maintained regardless of the complexity of SAR (PI. 2, Figs 7-9).
The effects of conditions studied on SAR and motility are presented in Table 1 . Storage media, incubation media, and incubation interval interacted (P < 0-05) in producing SAR. SAR was most pronounced (3 rating) in semen that had been stored in seminal plasma for 1-5 days at 4°C regardless of incubation medium or duration of incubation. However, when spermatozoa were stored in egg yolk-citrate and subsequently extended and incubated at 37°C in egg yolk-citrate, PLATE 2 Transmission electron micrographs of the heads of bull spermatozoa, x 26000. Fig. 6 . Morphology of the acrosome from a sagittal section of a normal sperm head (control). Note the small but distinct apical ridge (arrowhead). Fig. 7 . A sagittal section of moderate anterior acrosomal swelling. Note the posterior expansion of the apical ridge as it folds back over the acrosomal surface. The outer acrosomal and plasma membranes are intact. Fig. 8 . A sagittal section showing extensive anterior acrosomal swelling. Note the expansion and complex folding of the apical ridge. It was also evident that swelling can develop on both sides of the acrosome. The outer acrosomal membrane was intact as it covered the complex acrosomal surface. Plasma membrane integrity was also apparent. Fig. 9 . A cross-section in the anterior acrosomal region showing expansion of the lateral edges of the acrosome. (a) Proportion of motile spermatozoa with SAR based on a scale of 0-3 (0 = < 5%, 1 = 5-25%, 2 = 26-50%, and 3 > 50%). Mean score for 3 replicates. * = 2, no motile spermatozoa in one replicate, f No motile spermatozoa to evaluate.
(b) Values are mean ± s.e.m. for 3 observations. very few spermatozoa developed SAR at any storage or incubation interval. When egg yolk-citrate stored spermatozoa were extended and incubated with egg yolk-Tris-fructose, there was a substantial increase in SAR with increased duration of storage and incubation, thus accounting for the significant three-way interaction. The SAR response reached a maximum level after 5 days storage (4°C) in egg yolk-citrate and 2 h of incubation at 37°C in egg yolk-Tris-fructose.
For motility (Table lb ) an interaction (P < 0-01) existed for the effects of storage medium, length of storage, incubation medium, and length of incubation. Motility of spermatozoa stored in seminal plasma followed by incubation in egg yolk-citrate decreased rapidly with storage and/or incubation. Incubation in egg yolk-Tris-fructose improved motility after storage in seminal plasma but a precipitous decline with storage was still evident. If seminal plasma was replaced with egg yolk-citrate, the percentage motile spermatozoa was substantially improved. Little change with incubation was noted. Motility was best after storage in egg yolk-citrate and subsequent incubation in egg yolk-Tris-fructose. SAR was therefore associated with conditions that supported high as well as low levels of motility.
Discussion
Ultrastructural investigation confirmed that the SAR observed on motile spermatozoa using differential interference-contrast microscopy was due to localized expansions of the acrosomal matrix. Also, outer acrosomal and plasma membrane integrity was retained despite the complex change in acrosomal morphology. The outer acrosomal membrane apparently expanded to cover the increase in acrosomal surface area. Since the plasma membrane was intact and SAR did not correspond to motility loss, SAR does not appear to be a phase of the false acrosome reaction as described by Saacke & Marshall (1968) .
Swelling of the anterior acrosome has been observed for the spermatozoa of bulls and other males. Jones & Stewart (1979) observed a subtle swelling of the anterior acrosome after cooling to 5°C and after cryopreservation of bovine spermatozoa. The affected semen had normal fertility (Linford, Glover, Bishop & Stewart, 1976) suggesting to Jones & Stewart (1979) that this acrosomal change was possibly related to the true acrosome reaction. A similar acrosomal change was reported by Pace et al. (1981) after cryopreservation of bovine spermatozoa and they felt it might reflect cell injury. Motile boar spermatozoa can develop swollen apical ridges during ambient temperature (15 or 25°C) storage for artificial insemination (Pursel, Johnson & Rampacek, 1972) . However, strongly affected sperm populations were not fertile (Pursel, Johnson & Schulman, 1972) . Storage of ram spermatozoa at 5°C was shown ultrastructurally to cause acrosomal swelling without loss of plasma membrane or acrosomal membrane integrity (Jones & Martin, 1973) . This structural change was considered sufficient to account for the impairment of fertility which was found after semen storage under similar conditions. In contrast to the false acrosome reaction of deteriorating spermatozoa, Yanagimachi & Usui (1974) and Green (1978) indicated that there was a general swelling of the anterior acrosome of the guinea-pig before the true acrosome reaction. Yanagimachi & Noda (1970) reported that the hamster acrosome appeared swollen and wrinkled before the true acrosome reaction. However, Talbot, Summers, Hylander, Keough & Franklin (1976) described the guinea-pig acrosome as being crenulated before the true acrosome reaction. Comparable observations have been made on motile and fixed hamster spermatozoa (Franklin, Barros & Fussel, 1970; ).
In the present study, the condition most conducive to SAR was storing spermatozoa at 4°C as neat semen, i.e. in seminal plasma at 1500 IO6 spermatozoa/ml. However, dilution and incubation in egg yolk-Tris-fructose but not egg yolk-citrate replaced the necessity of storing spermatozoa in seminal plasma. A comparison of egg yolk-Tris-fructose with egg yolk-citrate and seminal plasma indicates that the active factors in egg yolk-Tris-fructose and seminal plasma may be fructose and/or amines. Both are abundant in bovine seminal plasma (Mann, 1964) . However, the specific cause of SAR is still unknown. The egg-yolk extenders studied have been used frequently in the artificial insemination industry and a common semen processing practice is to hold bovine semen in partly extended form (1 part semen/1-5 parts extender) at 30°C for up to 30 min and then cool slowly (over 1-3 h) to 4°C for further processing. It is therefore likely that SAR occurs under current field conditions in artificial insemination. The swelling of the apical ridge of bull spermatozoa could be a unique form of sperm deterioration or a form of acrosomal change before the true acrosome reaction. A further understanding of the phenomenon is necessary for proper interpretation of acrosomal morphology as it is currently used in sperm viability determination.
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